Objective: To determine the frequency of capsular serotypes and the antimicrobial susceptibility of strains of Streptococcus pneumoniae, as well as to provide recommendations on the use of available vaccines and antimicrobial drugs.
Introduction
Streptococcus pneumoniae is a bacterium that belongs to the family Streptococcaceae, commonly found in the nasopharyngeal and oropharyngeal mucosa of healthy human beings. It is the bacterial pathogen most commonly associated with acute otitis media and pneumonia, and the second most important pathogen in cases of meningitis in children under 2 years of age. In the United States and Europe, 25% to 40% of the cases of meningitis are caused by pneumococcus. 1, 2 Mortality from pneumococcal infection has decreased significantly over the first decades of the last century, following the introduction of antimicrobial drugs, such as sulphonamide and penicillin. 3 Penicillin-resistant pneumococci were first reported in New Guinea in the 1960s. Ten years later, cases of resistance were described in Africa and Spain. 4, 5 The emergence of resistant strains is caused mostly by the frequent exposure to antimicrobial agents, especially in children, 6 and also by community-acquired infections. 7 In the last years, reports of infections caused by pneumococcus have become increasingly common, and penicillin-resistant S. pneumoniae infection is now observed throughout the world. 3, 4, 6, [8] [9] [10] Penicillin has long been the drug of choice for the treatment of pneumococcal meningitis. 8, 11 Selection of the initial empirical treatment is based on resistance rates to penicillin and other antimicrobial agents, clinical suspicion, and rapid laboratory tests, such as Gram stain and latex agglutination test of the cerebrospinal fluid (CSF). 
Methods

Patients
We performed a retrospective study of S. pneumoniae strains isolated from the CSF of patients with meningitis.
Material was collected from nine public (Hospital Regional 
Microbiological identification
Bacterial growth in cultures was identified as S.
pneumoniae based on colony morphology, alpha-hemolysis on Mueller-Hinton agar supplemented with 5% sheep blood, Gram stain, sensitivity to optochin (5 µg) and bile solubility.
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Storage
Strains were grown in brain heart infusion (BHI) broth, supplemented with 16% glycerol and frozen at -70°C.
Serotyping
This procedure was performed at Instituto Adolfo Lutz, in São Paulo, Brazil, which is the national reference center for bacterial meningitis. Quellung reaction was performed using antiserum from the Statens Seruminstitut Copenhagen Denmark.
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Quality control
Susceptibility tests were performed in accordance with international standards, 19 with Staphylococcus aureus ATCC 25923 and S. pneumoniae ATCC 49619 as reference strains.
Antimicrobial susceptibility tests
Disk diffusion
Oxacillin ( atmosphere.
Minimum inhibitory concentration (MIC)
Penicillin and cefotaxime E-test strips were applied to 
Results
Distribution according to location, sex, and age group
Hospitals with the highest number of S. pneumoniae isolates were HRT, with 64 isolates (27.59%); HRAS, with 49 isolates (21.12%); HRG, with 45 isolates (19.40%); and HRC, with 17 isolates (7.33%). Prevalence of S.
pneumoniae was higher in males than females, with 126
isolates (54.31%) in the male population. In 23 cases (9.91%), patients' sex was not specified in the tests ordered.
The highest number of S. pneumoniae strains was found in the age group 0 to 5 years, with 140 isolates (60.35%).
The other age groups presented the following rates: 6 to 17 years -33 strains (14.22%), 18 to 50 years -34 strains (14.65%) and above 50 years -04 strains (1.72%). In 21 cases (9.05%) patients' age was not specified.
Serotyping
Among the 232 isolates characterized as S.
pneumoniae, 36 distinct serotypes were identified, distributed by age group (Table 1) .
Susceptibility to penicillin and other antimicrobial agents
From all the isolates analyzed, 67 showed a zone of inhibition of <20 mm around the oxacillin disk, thus identifying 67 penicillin-resistant strains. In the age group 0 to 5 years, which concentrated the highest number of isolates, 34 PEN-IR strains were found, corresponding to 72.34% of the 47 strains isolated with this level of penicillin susceptibility ( Table 2) .
A gradual increase in the number of PEN-IR isolates was observed for the period between 1995 and 2004, as shown in Figure 1 .
Relationship between serotype and penicillin-susceptibility
Analysis of PEN-IR isolates revealed that 19 strains were serotype 14; 10 were serotype 6B; and five were 23F. These serotypes also predominated in the 0 to 5 years age group (Table 3) .
Discussion
Although data on strains of S. pneumoniae in Distrito
Federal have been previously reported in other national 1, 21 and international 9,12 studies, our study presents results specifically for this region, showing with greater clarity, and for the first time, the susceptibility pattern of these strains to penicillin, cefotaxime, and vancomycin, as well as indicating the most common capsular serotypes. Streptococcus pneumoniae: serotypes and resistance -Vieira AC et al. From the 36 serotypes isolated in Distrito Federal, the following eight were more commonly found, in decreasing order of prevalence: 14, 6B, 18C, 19F, 5, 9V, 23F, and 6A, which is in accordance with other studies carried out in Brazil. 5 In other countries, although these serotypes also figure among the most prevalent, data concerns mostly invasive strains isolated from CSF and blood. 2, 9, 22 The great diversity of serotypes identified in this study, and also described by other authors, is associated with the fact that the samples used in this study came from patients with meningitis, and not pneumonia. show PEN-IR, out of which five (14, 6B, 23F, 19F e 9V) are targeted by the 7-valent conjugate vaccine.
Conclusion
Results obtained in this study allow us to conclude that penicillin, the drug of choice in the treatment of pneumococcal meningitis, shows a gradual increase in resistance over the last 10 years in Distrito Federal.
Nevertheless, high-level resistance strains were not found.
Despite the limited number of S. pneumoniae strains analyzed in this study and the fact that some were not Finally, it must be highlighted that, due to rapid changes in patterns of bacterial resistance, it is important to monitor and serotype these infectious agents with local standards of reference, since there is significant variability across different regions of the country and abroad.
